In this paper we s h o w that BIBD (v b r k ), where v = pq or pq + 1, when written in the notation of Bose's method of di erences may often be used to nd generalized Bhaskar Rao designs GBRD(p b 0 r 0 k G) where G is a group of order q and vice versa. This gives many new GBRDs including a GBRD(9 5 5 Z 5 ) and a GBRD(13 7 7 Z 7 ).
Introduction
Let G = fh 1 = e h 2 : : : h g g be a nite group of order g with identity e. that is, N is the incidence matrix of the BIBD(v k ) a n d WW + = reI + ( =g)(h 1 + : : :+ h g )(J ; I): We s a y that the design W is based on the matrix N or that N is signed over the group G. To c heck whether a set of b l ocks (x i a y i b z i c ) mod ( v g), e a c h with k elements, are part of a GBRD or a BIBD we c heck all the di erences: (y ; x) i ba ;1 , ( x ; y) i ab ;1 , ( z ; x) i ca ;1 , ( x ; z) i ac ;1 , (z ; y) i cb ;1 and (y ; z) i bc ;1 where the subscripts such a s ab ;1 are from a group G of order jGj = g and the subscripted elements such a s ( x ; y) i come from a group V of order v.
If each non-zero-zero di erence, that is di erences other than 0 0 , including the di erences 0 1 , , 0 g;1 occurs the same number of times, , w e will have a BIBD(v k ). If each non-zero di erence, that is not including the di erences 0 0 , 0 1 , , 0 g;1 , occurs the same number of times,
, w e will have a GBRD(v k G).
We also use a distinguished element 1 which has the properties that 1 ; a i = 1 ;1 i and a i ; 1 = ;1 i for any a i 2 V .
For a Bhaskar Rao design 1 j and ;1 j must occur times. For a BIBDit is merely necessary that the numb e r o f e l e m e n ts in the sets with 1 is k ; 1 3 1) . Without the last block o f (0 1 0 2 0 3 ) w e h a ve a GBRD(7 3 9 Z 3 ).
Example 2 The subscripts from Bose's 4, p373, example (i)] BIBD(9 3 1) give a GBRD(3 3 9 Z 3 ) (the GBRD is the 3 9 a r r a y): Clearly, the di erences from a single starting block also su ce to give all the di erences, and hence we h a ve a GBRD(3 3 As w e have e a c h non-zero di erence occurring t wice we have a GBRD(6 3 4 Z 2 ). Its incidence : 1 where 0, 1 are elements of the group, Z 2 , a n d means the zero of the group ring so ; 1 = , a n d ; 2 = .
To c hange these sets into starting blocks for a BIBD we w ould also need to have the di erence 0 1 occur twice. This can be done but not in a straight f o r w ard way.
This clearly shows that Bhaskar Rao designs are not another representation of BIBDs. 2
Example 4 To illustrate how a design developed from blocks using di erences can be shown to be a BIBD or GBRD we consider the initial blocks It has GBRD type incidence matrix for the last three sets of 0 It is n o t a GBRD as the di erence 0 1 occurs 4 t i mes. This is represented b y the \01" in the a bove incidence matrix. However the rst four blocks give a GBRD(6 3 6 Z 2 ) (0 0 1 0 2 0 ) ( 0 0 1 1 2 1 ) ( 0 1 Then the circulant matrix 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 is a generalized weighing matrix GW(13 9 S 3 ).
In set notation this can be written as (1 5 2 1 3 4 6 1 7 1 8 6 9 5 10 6 12 4 ) m o d ( 1 3 S 3 ) There are two inequivalent circulant GW(13 9 Z 2 ) (see Seberry and Wehrhahn 23] ) and a total of eight inequivalent GW(13 9 Z 2 ) (Ohmori 15]) but the existence of GW(13 9 G) f o r G = Z 3 or Z 6 is not yet resolved.
Another interesting possibility occurs if there are parallel classes associated with a subdesign.
For example the GBRD(13 9 6 S 3 ) given by d e v eloping the above block mod (13) can be embedded in an SBIBD(91 10 1) which also has an SBIBD(13 4 
1) embedded (see the construction in 19]). 2
In this paper we s how that BIBD(v b r k ), w here v = pq or pq + 1 , w hen written in the notation of Bose's method of di erences may often be used to nd generalized Bhaskar Rao designs GBRD(p b 0 r 0 k G) where G is a group of order q. Theorem 1 Let G be a g r oup. A GBRD(v k G), w h e r e j G j is , i s e quivalent to a BIBD(v k 1) when both are written using starting blocks developed mod( ). Comment. In some sense Bose's theorem implies that the subscripts are from a cyclic group.
However the formulation in terms of GBRD indicates clearly that any group will su ce.
The construction with non-cyclic groups can be visualized by replacing the 0 element of the GBRD by a ( k ;1) (k ;1) zero matrix and the other elements by their right (left) regular matrix representation. Finally, the extra k ; 1 blocks corresponding to (1 0 1 0 2 : : : 0 k;1 ) are added.
Examples and Constructions
We n o w give some examples of these methods. The GBRD are new. give a BIBD(15 3 1) . That the GBRD in this case gives a BIBD, has been observed previously (see 19] ).
In Lemma 3 this method is applied to BIBD(3v 3 1) and GBRD(v 3 k=6: Denniston 10] has given a BIBD(66 6 1) all blocks developed mod (13 5) . We note that the rst 10 of these blocks also give a GBRD(13 6 25 Z 5 ): If we knew how t o s i g n t h e b l o c ks f2 5 6 7 8 1 1 g and f1 3 4 9 1 0 1 2 g, which develop mod (13) to give a BIBD(13 6 5) we w ould have a GBRD(13 6 
